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Abstract 
The testes of some different orders of eu-
therian mammals were examined by conventional 
electron microscopy with respect to their pattern 
of spermiogenesis. In addition, some of the 
testes were studied by cytochemical methods 
for demonstration of certain nuclear proteins 
and of glycoproteins in the acrosome and the 
plasma membrane of spermatids. 
It was found that although the basic pattern 
of spermiogenesis was similar in all species 
studied, there were pronounced dissimilarities 
in the final shape of the spermatids. Differences 
were also observed in the timing of the differen-
tiation of several organelles. The head of late 
spermatids and spermatozoa of Primates, Carnivora 
and Per issodact y la was cone-shaped, whereas 
in Art iodac t y la and Lagomorpha it was flattened 
or paddle-shaped, and in Rodentia hook-shaped. 
The size and shape of the acrosome varied consi-
derably between the orders, as did the length 
of the middle piece. 
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Introduction 
Spermiogenesis, the post-meiotic part of 
spermatogenesis, is the complex process of cellu-
lar differentiation of the haploid spermatid 
into a testicular spermatozoon. In all mammals 
studied so far, the pattern of spermiogenesis 
is basically the same, but there are pronounced 
species differences both in the size of the 
spermatozoa and in the relative size of the 
various organelles (for references see Dalcq 
1973, Fawcett 1975, Baccetti and Afzelius 1976, 
Cummins and Woodall 1985.) There are also dissi-
milarities between species in the duration of 
spermiogenesis and in the synchronization of 
the develop~ent of the organelles. 
The whole process of spermiogenesis has 
been described in several species, and a vast 
number of studies of different parts of the 
process have been reported (for references see 
Dalcq 1973, Phillips 1974, Roosen-Runge 1977, 
Bellve 1979, Holstein and Roosen-Runge 1981, 
Bellve and O'Brian 1983). 
Interactions between various organelles 
are not easily revealed by morphological studies 
alone. By comparing spermiogenesis in different 
species and employing cytochemical techniques 
it may be possible to gain a better understanding 
of the mechanisms involved in this 'dramatic' 
transformation of a cell. The present study 
of comparative aspects of mammalian spermiogene-
sis was undertaken with the aim of shedding 
further light on the basic processes taking 
place during spermiogenesis. This paper 
is focused on certain developmental events, 
and many observations have been excluded although 
they may be of interest per se. 
Materials and Methods 
Morphology 
Testicular material from some mammalian 
families of the orders Artiodactyla (Suidae, 
Camelidae, Cervidae, and Bovidae), Perissodac-
tyla (Equidae and Tapiridae), Carnivora (Canidae 
This paper was presented at the Symposium on 
'Cell Structure and Cell Biology' in honor of 
Bj6rn Afzelius, December 19 and 20, 1985 in 
Stockholm, Sweden. 
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and Felidae), Rodentia (Muridae, Cricetidae, 
and Caviidae), Lagomorpha (Leporidae), Insecti-
vora ( Sor icidae) and Primates ( Cercopi thecidae, 
Pongidae, and Hominidae) was fixed in glutaralde-
hyde (generally 5% in 0.067 M cacodylate buffer, 
pH 7. 2), postfixed in osmium tetroxide and pro-
cessed for conventional transmission electron 
microscopy. 
Immunocytochem1cal localization of ram (Ovis 
aries) protamine 
Antiserum against purified ram protamine 
was raised in castrated rabbits. Aliquots of 
crude antiserum were bound to colloidal gold, 
prepared according to Stathis and Fabricano 
(1958). Thin sections of ram testes fixed in 
glutaraldehyde (4% in 0.1 M cacodylate buffer, 
pH 7.2 for 30 minutes) were etched with 10% 
hydrogen peroxide and then preincubated in 0.1% 
casein for 30 min. Grids were floated on drops 
containing 0.1% casein in 0.05 M Tris buffer, 
pH 7. 2, and antiserum coupled to colloidal gold 
(0.5 µl per ml of gold suspension) fer 5 to 
15 min. The sections were examined after being 
washed in distilled water. Controls, including 
preincubation of sections in unlabelled antiserum 
or incubation in colloidal gold labelled with 
a complex made of antiserum and antigen (1.2 
mg/ml), were negative. 
Staining of glycoproteins 
Sections of glutaraldehyde-fixed ~4% in 
phosphate buffer, pH 7.4, for l h at 20 C) ram 
(Ovis aries) and bull (Bos taurus) testes were 
stained with 1% phosphotungstic acid in 1 N 
HCl for 4 5 min according to the method of Ram-
bourg (1971). The sections were washed in 
N HCl and then briefly in distilled water. 
Staining for lysine residues 
Testes from humans, rams, bulls and stal-
lions were fixed for 30 min in 4% glutaraldehyde 
in 0.1 M cacodylate buffer, pH 7.2, washed in 
distilled water and dehydrated in ethanol. Tissue 
pieces were stained en bloc with 3% phospho-
tungstic acid in absolute alcohol for 16-24 h. 
After 2 h of washing in absolute alcohol, they 
were embedded in Epon. Controls were prepared 
as described by Courtens and Loir (1981a). 
Preferential staining for arginine residues 
Ram testes were processed according to 
the method of Loir and Courtens (1979). 
Observations and Discussion 
Morphology 
(See Figs 1 A to H, 2 A to H, and legends 
for details). 
Spermiogenesis is a continuous process, 
but for descriptive purposes it is often subdivi-
ded into phases or steps. Several different 
criteria for subdivision have been used and 
hence the number of phases or steps may vary, 
even within a species. Only one of the systems 
for subdivision can be used for all mammalian 
species. This system, introduced by Leblond 
and Clermont ( 1952), is based on the development 
(or differentiation) of the nucleus and the 
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Figs lA to lD 






axisdeer (Axis axis) and 
(Tapirus terrestris). All 
same magnification (Bar -Fig lA: Middle cap phase spermatid from an axis-
deer. The acrosome (AC) covers half the nucleus, 
and the underlying chromatin is condensed. Note 
that the two membranes of the nuclear envelope 
(NE) in the postacrosomal region are separated 
by a wide space. Large nucleoli (N) and a cen-
triolar adjunct (CA) are present. 
Fig lB: Acrosome phase. The chromatin is homo-
geneous and nucleoli are no longer seen. A short 
manchette (M) is linked to a large nuclear pocket 
(NP) containing all the nuclear pores. Numerous 
vesicles (V) are present in the postnuclear 
cytoplasm. CA= centriolar adjunct. 
Fig lC: Late acrosome phase. The final condensa-
tion of the chromatin starts in the anterior 
part of the nucleus. The acrosome has developed 
an anterior projection (AC). The well developed 
manchette ends anteriorly in the perinuclear 
ring (PNR). 
Fig lD: Maturation phase. The nucleus (N) con-
tains homogeneously condensed chroma tin. The 
mitochondria (MI) are helically arranged around 
the axoneme in the future middle piece. The 
equatorial segment of the acrosome (ES) and 
the postacrosomal dense lamina (PL) are fully 
differentiated. 
Fig lE: Cap phase spermatid from a tapir. A 
dense layer of chromatin develops in the peri-
phery of the nucleus (arrows) where small nucleo-
lar remnants are present (N). Dense droplets 
(DD) limited by a double membrane are common 
in the cytoplasm. Note the lower density of 
the Sertoli cell lipid droplet (LD). AC = acro-
some. 
Figs lF and lG: Acrosome phase. In the nucleus 
(N) chromatin condensation is homogeneous, and 
nuclear pockets (NP) are developing. The acrosome 
(AC) is comparatively small. Note the dense 
material at the posterior end of the manchette 
( M). A dense droplet is seen in the postnuclear 
cytoplasm. 
Fig lH: Maturation phase. Note the cone-shaped 
nucleus (N) with some areas of uncondensed chro-
matin (holes). The equatorial segment (ES) of 
the acrosome is very short. The mitochondria 
(MI) are gathered around the axoneme. 
acrosome, and comprises four phases: the Golg i 
phase, cap phase, acrosome phase and maturation 
phase, the transition between the latter two 
being very long. 
Briefly, the Golgi phase is the first, 
short phase of spermiogenesis, during which 
the developing acrosome consists of one or more 
acrosome vesicle( s), each containing an acrosome 
granule. The acrosome then makes contact with 
the spherical nucleus and begins to spread over 
its surface. This denotes the transition to 
the cap phase, in which the acrosome spreads 
over the nucleus and assumes the shape of a 
cap. This phase lasts until the nucleus, with 
its acrosome, migrates to the periphery of the 
spermatid with the acrosome oriented towards 
the basal lamina of the seminiferous tubule. 
.. . .. \ ... 
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When this occurs the sperma tid has reached the 
acrosome phase, during which chromatin condensa-
tion commences, the nucleus becomes elongated 
and the acrosome undergoes structural changes. 
Early in the acrosome phase the perinuclear 
ring forms and this ring becomes the anterior 
insertion of the microtubules of the manchette 
( Fig 3). Migration of the perinuclear ring to-
wards the posterior pole of the nucleus and 
of the annulus to the proximal part of the future 
principal piece take place during the transition 
between the acrosome phase and the maturation 
phase. The maturation phase lasts until the 
spermatid is shed from the epithelium on spermia-
tion as a testicular spermatozoon (cf Ploen 
et al. 1979, Afzelius et al. 1982, Ekstedt et 
al. 1986, Osman and Ploen 1986). Further morpho-
logical and biochemical alterations occur during 
epididymal transit. 
Nucleus 
After the last meiotic division the nucleus 
of the newly formed spermatid is spherical. 
The chromatin is finely dispersed. The nuclear 
envelope shows no special features until the 
acrosome has made contact with it, when it be-
comes modified in the contact area. Here the 
two nuclear membranes become closely apposed 
and the nuclear pores disappear. A similar modi-
fication occurs during the cap phase at the 
site of the tail implantation. During the late 
cap phase and/ or the acrosome phase the shape 
of the nucleus starts to change and compaction 
of chromatin commences. By this time the nucleoli 
have disappeared. The chromatin threads gradually 
become denser and eventually become closely 
packed. Simultaneously the nucleus begins to 
acquire its specific shape. 
Acrosome 
During the acrosome phase the acrosome 
undergoes drastic changes in shape, which ap-
proaches the specific shape of the spermatozoon. 
The final shape is reached during the maturation 
phase and epididymal maturation. 
Tail 
The sperm tail is basically a flagellum 
with a number of special structures around the 
axoneme. After the last meiotic division the 
two centrioles are located in the vicinity of 
the Golgi apparatus, often close to the plasma-
lemma. From one of the centr ioles, the dis ta 1 
one, an axoneme beg ins to grow either in the 
cytoplasm or as a projection from the cell with 
the plasmalemma surrounding it. When the centrio-
les are located peripherally, the anlage of 
the annulus is seen at an early stage as a depo-
sition of dense material on the cytoplasmic 
surface of the plasma lemma. In spermatids with 
more centrally located centrioles and with the 
anoxeme lying 'naked' in the cytoplasm, the 
axoneme and the centrioles migrate towards the 
eel l periphery, and the axoneme, surrounded 
by plasma lemma, projects from the cell. At this 
stage the annulus becomes visible. 
In cap phase spermatids the centrioles 
migrate towards the nucleus and establish contact 
with it at the implantation fossa. Simultaneous-
642 
Figs 2A to 2D from a chimpanzee 
dytes) and 2E to 2H from a lemming 
( Pan troglo-
( Lemmus lem-
mus). All micrographs at the same magnification 
(Bar= 1 µm). --. 
Fig 2A: Late cap phase spermatid from the chim-
panzee. The proximal centriole (PC) is in contact 
with the nucleus (N) in which numerous small 
remnants of nucleoli are dispersed (arrows). 
The acrosome (AC) covers about half the nucleus. 
Fig 2B: Acrosome phase. The nucleus (N) has 
elongated. The microtubules of the manchette 
(M) end anteriorly in an inconspicuous perinucle-
ar ring ( PNR). The centriolar adjunct (CA) is 
already well developed. 
Fig 2C: Late acrosome phase. In the nucleus 
(N) there are 'holes' in the otherwise homogene-
ously condensed chroma tin. The manchet te is 
lined by nuclear pockets (NP). Note the large 
chromatoid body (CB) attached to the annulus. 
Fig 2D: Maturation phase. The cone-shaped nucleus 
(N) is partly covered by the relatively small 
acrosome. (AC). Note that the centr iolar adjunct 
(CA) js still present. 
Fig 2E: Cap phase spermatid from the lemming. 
The Golgi apparatus (G) secretes vesicles that 
fuse with the developing acrosome, in which 
the acrosome granule (AG) is prominent. In the 
nucleus (N) small nucleolar remnants can be 
seen (arrows). 
Fig 2F: Acrosome phase. The nucleus (N) is alrea-
dy asymmetrical as is the manchette (M). The 
perinuclear ring (PNR) is large and the centrio-
lar adjunct (CA) is cut longitudinally. The 
acrosome (AC) has already acquired a complicated 
shape that cannot be demonstrated on a single 
micrograph. 
Fig 2G: Late acrosome phase. The asymmetry of 
the nucleus (N), the acrosome (AC) and the peri-
nuclear ring (PNR) is apparent. Note that the 
axoneme (F) is still surrounded by a plasmalemmal 
invagination. 
Fig 2H: Late maturation phase. The nucleus (N) 
and in particular the acrosome (AC) have acquired 
their hook-shape. 
ly the specific structures of the connecting 
piece start to form, as do the outer dense fibres 
and the fibrous sheath (Irons and Clermont 1982). 
From the proximal centriole the centriolar ad-
junct is formed. In the acrosome phase the deve-
loping tail projects into the lumen of the semi-
niferous tubule. The outer dense fibres and 
the fibrous sheath continue to grow. During 
the transition between the acrosome and matura-
tion phases the plasmalemmal invagination with 
the annulus migrates to the anterior part of 
the fibrous sheath. The axoneme and the outer 
dense fibres then become surrounded by helically 
arranged rows of mitochondria, forming the mito-
chondrial sheath of the middle piece. 
Perinuclear ring and manchette 
In the early acrosome phase the microtubules 
of the manchette appear close to the nuclear 
envelope. These will end anteriorly in the peri-
nuclear ring, a specialization on the cytoplasmic 
side of the plasmalemma situated just behind 
the posterior margin of the acrosome. At the 
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distal end of the manchette accumulations of 
dense material or 
Towards the end of 
vesicles, or both, are seen. 
the acrosome phase the peri-
nuclear ring and associated manchette migrate 
posteriorly and disappear as the ring reaches 
the posterior pole of the nucleus. 
Species differences 
Spermatozoa of Monotrema ta (Carrick and 
Hughes 1982) and Marsupialia (cf. Sapsford et 
al. 1967, 1969, Harding et al. 1979) differ 
from those of eutherian mammals and will not 
be further discussed. Spermatozoa from different 
species of eutherian mammals also vary considera-
bly in size and shape, regarding both the head 
and the tail. These differences are already 
reflected during spermiogenesis, al though in 
the first phases ( Golg i and cap phases) there 
is less variation, especially concerning the 
nucleus and the acrosome. During the acrosome 
and maturation phases, when nuclear elongation 
and chroma tin condensation take place, the spe-
cies differences become pronounced. The variation 
is small, however, within some orders, e.g., 
Artiodactyla, Perissodactyla, Carnivora, and 
Primates, whereas in Rodentia, for example, 
considerable differences are found (cf Dalcq 
1973). Even more marked differences become appa-
rent regarding the acrosomal shape. 
In the Golgi and cap phases some species 
differences are fairly distinct. The mitochondria 
are randomly distributed in most species, but 
in the horse, cat, lion, rabbit and human they 
are clustered and in the rat they are located 
immediately under the plasmalemma. 
The chromatoid body is exceptionally large 
in the Scandinavian lemming (Lemmus lemmus) 
and the rat ( Rattus norwegicus) and associated 
with vesicles; in the latter animal these vesi-
cles contain glycoproteins. In Primates the 
chromatoid body is often located in close rela-
tion to the nuclear envelope, and in this mamma-
lian order annulate lamellae occur. 
The nucleoli vary from being inconspicuous 
in Primates to having a considerable size in 
Artiodactyla, particularly in Ruminantia (see 
Figs 1 and 2). 
The presence of a 'naked' axoneme (i.e., 
not surrounded by a plasmalemma) in the cytoplasm 
seems to be the rule in some species, occasio-
nal in some, and extremely rare or absent in 
others. No correlation to any order of mammals 
was found in this respect. 
In two species, the tapir ( Tapirus terres-
tr is) and the wild boar (Courtens 1982a) dense 
droplets bounded by double membranes were found 
(Figs lE and lG). These droplets were much more 
osmiophilic than the lipid droplets seen in 
the neighbouring Sertoli cells (Fig lE). 
In the acrosome phase, during nuclear elon-
gation, more differences become apparent. The 
pattern 
the rat, 
of chromatin condensation varies. In 
boar and rabbit condensation begins 
in the anterior part of the nucleus and proceeds 
backwards, whereas in ruminants the direction 
is from anterior-peripheral to posterior-central. 
In the camel (Camelus dromedarius) and in prima-
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tes the condensation seems to be homogeneous 
throughout the entire nucleus and in the mouse 
(Mus musculus) and shrew (Sorex araneus) it 
starts in the central part and spreads periphe-
rally. In the ground squirrel (Tamias striatus) 
the chromatin never becomes completely compacted 
(Phillips 1974). In the boar and horse and in 
Primates chromatin 
i.e., holes without 
even in the mature 
2D). 
compaction is not uniform, 
condensed chroma tin persist 
spermatozoon (Figs lH and 
The shape of the sperm head varies greatly 
between the species, and this already becomes 
apparent during the acrosome and maturation 
phases. In Artiodactyla the nucleus acquires 
a flattened shape and the acrosome morphology 
varies only slightly, mostly in the extent of 
the anterior projection. Perissodactyla, Carnivo-
ra and Primates all have more cone-shaped nuclei 
and their acrosomes are relatively inconspicuous 
(Figs lH and 2D). Insectivora also have cone-sha-
ped nuclei, but their acrosomes have long ante-
rior projections (Cooper and Bedford 1976, Ploen 
et al. 1979). Among the eutherian mammals Roden-
tia is the order that shows the largest variation 
in the morphology of the spermatozoa, and hence 
in spermiogenesis. During the acrosome and ma tu-
ration phases the spermatids of many rodent 
species acquire a hook-shape and the acrosome 
displays asymmetrical development (Figs lF, 
G, and H). Some rodent species develop very 
large acrosomes, often with a peculiar shape 
(cf. Dalcq 1973 and Breed 1984). In these species 
with asymmetrical nuclei the manchette is also 
asymmetrical. Moreover, the implantation of 
the tail becomes eccentrically located (Fig 
lG), whereas in other species it becomes central. 
There are pronounced dissimilarities in 
size of the sperm tail and also in the relative 
size of the tail-associated structures. These 
differences become apparent during spermiogene-
sis. The outer dense fibres of the insectivores 
and rodents are large compared with those of 
the artiodactyls, perissodactyls, carnivores 
and primates. 
The length of the middle piece, and hence 
the number of mitochondria in the mitochondrial 
sheath, vary considerably. Rodents and insecti-
vores have extremely long middle pieces and 
primates very short ones, other orders lying 
between these extremes. 
In the human and the chimpanzee (Pan troglo-
dytes) the proximal centriole persists during 
the maturation phase, and in the chimpanzee 
the centriolar adjunct also persists (Fig 2D). 
In practically all species some cytoplasm 
persists around the proximal part of the middle 
piece as the cytoplasmic droplet. In the lemming 
(Lemmus lemmus) there is no distinct droplet. 
Instead some cytoplasm remains over the entire 
middle piece. 
Cytochemistry 
Nucleoproteins. The morphological features 
described above have their counterparts in impor-
tant biological events. During compaction RNA 
transcription ceases in the mouse ( Monesi 1964, 
Kisrszenbaum and Tres 1975), the Chinese hamster 
Comparative aspects of mammalian spermiogenesis 
(Utakoji 1966), and the ram (Lair 1972). This 
could be due to modifications of the gene expres-
sion (Subirana 1975) or to a reduction of RNA-
polymerase activity ( Gillam et al. 1979). The 
condensing chromatin might also become less 
permeable to substrates necessary for transcrip-
tion (Subirana 1975). This decrease in RNA syn-
thesis is not accompanied by arrest of protein 
synthesis. Some messenger RNA is stored for 
several days in the chroma toid body ( S6derstrom 
and Parvinen 1976). 
The modification of the chromatin fibres 
has been found to be correlated to a total repla-
cement of the nucleohistones by new nucleoprote-
ins. In mammals, the histones are totally lost 
during the early elongation phase. They are 
replaced by one (mouse), or several ( three in 
the rat and eight in the ram) intermediate 
nucleoproteins. These proteins are in turn lost, 
and become replaced by very basic protamines 
( one in the bull, ram and rat, two isomers in 
the boar, and two in the human spermatid). The 
protamines usually contain large amounts of 
cysteine and arginine. 
The replacement of nucleoproteins can easily 
be demonstrated with biochemical techniques. 
The timing of the deposition and distribution 
of new proteins is best demonstrated cytochemi-
cally. 
In most mammals studied, the intermediate 
nucleoproteins are rich in lysine, while the 
protamines are generally not. This particularity 
has been utilized to demonstrate the loss of 
both histones and intermediate nucleoproteins 
in six different species (Courtens and Loir 
1981b). The proteins are lost in a highly speci-
fic manner before the final compaction of the 
chromatin occurs ( Fig 3). 
Today, no specific method of visualizing 
the intermediate nucleoproteins is available. 
Their acidophilic properties have been utilized 
to demonstrate some of them in the boar, a spe-
cies in which some are still being synthesized 
when the histones have already disappeared (Cour-
tens 1982a). 
The protamines are more easily isolated 
from spermatozoa, and hence can be used to raise 
antibodies. In the ram protamine has been demon-
strated immunocytochemically (Fig 4B). Other 
characteristics of protamines namely their high 
cysteine and arginine contents, can also be 
utilized to demonstrate them in a preferential, 
though unspecific way. The intermediate and 
definitive nucleoproteins of sperma tids and 
spermatozoa are synthesized immediately before 
they migrate to the nucleus. They follow a highly 
specific pathway in the cytoplasm through a 
highly ordered array of endoplasmic reticulum, 
continuous with the nuclear envelope. The endo-
plasmic reticulum and the nuclear envelope are 
held together by the microtubules of the manchet-
te. The microtubules of the manchette are also 
linked to the chromatin by fibres passing through 
the nuclear envelope ( Fig 5 ) ( Courtens and Lair 
1981c). The manchette might thus have a role 
in the rearrangement of nuclear material during 
nuclear elongation (Courtens 1982b). These asso-
ciations are lost at the time when the manchette 
disappears. 
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Fig 3: Schematic drawings to illustrate how 
the intermediate nucleoproteins are lost from 
the sperma tid nuclei of species indicated. Num-
bers 12 to 15 denote the particular steps of 
spermiogenesis. Beginning, middle or end of 
step denoted b, m or e respectively. The black 
parts in the drawings correspond to nuclear 
regions that - as seen after staining with alco-
holic phosphotungstic acid - contain many lysine 
residues (histones and intermediate nucleopro-
teins). These nucleoproteins are lost from the 
spermatid nuclei at the time of nuclear elonga-
tion. They are replaced by protamine(s) which 
contain no (white) or few (grey) lysine residues. 
The way the histones and intermediate nucleopro-
teins leave the nuclei is highly specific: from 
the anterior part and backwards in the ram, 
goat, bull, and mouse; from the posterior part 
and anteriorly in the boar and stallion, and 
from the center to the periphery in the rat 
(directions indicated by arrows). 
Demonstration of nucleoprotein changes: 
(a) Lysine: In the ram, human, horse and bull, 
the chromatin of Golgi phase spermatids was 
finely dispersed and stained homogeneously for 
lysine. During the cap phase, the thin layer 
of dense chromatin lying against the ad-acrosomal 
nuclear envelope was heavily stained. In elonga-
ting nuclei of 'pre-condensation' sperma tids 
intense staining of the entire nuclei was obser-
ved (Fig 6A). This staining disappeared when 
the manchette slipped backwards (Figs 6B and 
C). In bull and ram spermatids, the anterior 
part of the nucleus was the first to become 
L. Ploen and J.-L. Courtens 
discolored and the discoloration progressed 
backwards, whereas in spermatids from the human 
and horse the central and posterior parts of 
the nucleus were the first to be discolored, 
and the discoloration progressed forwards. In 
all species studied, the basal knobs and the 
nuclear envelope were the only nuclear parts 
to remain stained in the maturation phase ( Fig 
4A). Since the protamines of these species are 
devoid of lysine, it can be concluded that the 
loss of staining observed here corresponds to 
the loss of histones and/ or intermediate nucleo-
proteins prior to the final compaction of chroma-
tin. 
{b) Arginine: In the only species studied in 
this respect, the ram, the chromatin remained 
stained for arginine throughout the entire pro-
cess of spermiogenesis. However, very intense 
staining of the whole nucleus was observed prior 
to the migration of the manchette. This cannot 
be entirely related to the first condensation 
of the chromatin, and might represent the entran-
ce of the intermediate nucleoproteins P-7 and 
P-8, which contain a high concentration of both 
arginine and cysteine (Loir and Lanneau, 1978). 
{c) Protamine: Protamine was demonstrated immuno-
cytochemically in the ram. Here, the nucleus 
started to contain protamine when the manchet te 
slipped backwards, indicating that this protein 
immediately replaced the lost intermediate nucle-
oproteins ( Fig 4 B). No real evidence has been 
produced for the presence of protamine in the 
cytoplasm, where it should be synthesized. The 
reason for this might be a very rapid transit 
of the protein from the site of synthesis to 
the nucleus (Iatrou and Dixon 1978). 
Relation between nucleoprotein replacement and 
the compaction of chromatin 
In the species studied, the structure and 
compaction of the chromatin are stage-related, 
as are the nucleoprotein exchanges. The exact 
influence of any specific nucleoprotein upon 
the chromatin structure is far from understood. 
In the mammals studied so far, the intramolecular 
formation of disulfide bridges plays a role 
in chroma tin condensation. However, such bridges 
do not exist in all non-mammalian species (e.g., 
the cockerel, Nakano et al. 1976) and moreover 
other forces may act upon the chromatin. Nuclear 
dehydration, or mutual neutralization of electri-
cal charges of DNA and protamines, may be invol-
ved. Other forces and/ or structures could also 
influence the shaping of the nucleus, for example 
the manchette and the Sertoli cell mantle. 
The species-specific shapes of the spermato-
zoa cannot be explained by these forces alone. 
The comparably similar shape of the spermatozoa 
within an order strongly suggests that genetic 
factors should be considered. 
Staining of glycoproteins ( ram and bull sperma-
tids) 
Golg i phase. Some cis ternae of the Golg i 
apparatus (Fig 7A), and also vesicles originating 
from it, became stained immediately after the 
completion of meiosis. The vesicles fused to 
form one proacrosomal vesicle containing both 
a granule and flocculent material. This material 
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Cap phase ( Fig 7B). When the acrosome had 
spread over the nucleus, the acrosome granule 
was no longer stained. The intense staining 
of the cap observed at that time is concomitant 
with the concentration of the acrosomal contents 
(Courtens 1978). 
Acrosome phase ( Fig 7C). In the ram, during 
nuclear elongation, the posterior margin of 
the acrosome released postacrosomal vesicles, 
the membrane of which was intensely stained. 
These migrated along the nucleus inside the 
manchette and finally fused with the plasmalemma 
in old spermatids. The plasmalemma, which showed 
faint staining before this fusjon, became increa-
singly stained. 
Maturation phase (Fig 7D). After the disap-
pearance of the manchette, the equatorial segment 
of the acrosome was formed in a two-step proce-
dure. First, the distal parr of the acrosome 
became thicker than the rest of the cap and 
was intensely stained for glycoproteins. The 
equatorial segment then became very thin and 
was weakly stained in the ram, but not at all 
in bull spermatids. The contents of the acrosome 
also differed as compared with those in the 
preceding steps. The only part that stained 
for glycoproteins was the thin layer of substance 
lying against the external acrosomal membrane. 
The acrosome granule was negative. 
Significance 
The presence of an acrosome may be correla-
ted with internal fertilization (Baccetti 1979). 
In young spermatids this organelle is synthesized 
by the Golgi apparatus. It contains numerous 
enzymes, most of which are glycoproteinic in 
nature. The synthesis of these enzymes takes 
place inside the endoplasmic reticulum and in 
the Golgi apparatus, where they are glycosylated 
(Letts et al. 1974) before becoming trapped 
in coated vesicles containing both proteins 
and glycoproteins rich in fucose and galactose 
(Sandoz 1972). The vesicles coalesce to form 
one proacrosomal vesicle limited by an asymmetri-
cal membrane (Mollenhauer et al. 197 6). Among 
the nearly 20 enzymes present in mammalian acro-
somes (including glycosyltransferases, DNase, 
RNase and esterases), two are prominent, namely 
hyaluronidase and acrosin. This latter enzyme 
is specific for spermatozoa and displays maximal 
proteolytic activity at pH 8. It is stored in 
the acrosome in the form of an inactive proenzy-
me. The proenzyme 
of the low (4.5) 
and Deamer 1978). 
might 
pH of 
be inactive in view 
the acrosome (Meizel 
The demonstration of both pure proteins 
(Courtens and Loir 1975) and glycoproteins sug-
gests that several compartments may be present 
in the acrosome, for example adjacent to the 
inner or outer acrosomal membrane. So far, immu-
nocytochemistry has failed to demonstrate this 
hypothesis convincingly. It has been suggested 
that acrosin is preferentially bound to the 
inner acrosomal membrane (Morton 1975, Flechon 
et al 1977), but this remains to be confirmed. 





Fig 4A: Maturation phase bull spermatid stained 
~ysine. The protamine inside the nucleus 
(N) is unstained, whereas the basal knob (BK), 
the postacrosomal dense lamina (PL) and the 
acrosome (AC) are. PS= perinuclear substance. 
E.,~g_ 4B: Ram sperma tid in maturation phase. Immu-
no-cytochemical demonstration of protamine using 
gold-labelled antibodies. AC acrosome and 
N = r.e1cleus. 
The demonstration of release of postacroso-
mal vesicles containing glycoproteins in the 
ram indicates that the acrosome is involved 
in the reorganisation of the plasmalemma. 
The presence of the acrosome upon the nucle-
ar surface might in some unknown way have an 
impact on nuclear transformation. Nuclei devoid 
of acrosomes do not become elongated ( Holstein 
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Fig 5: Anatomical relations between the manchette 
and the nucleus. Schematic drawings (A-C) to 
show how numerous fibres originating in the 
chromatin pass through the nuclear envelope 
and end in contact with the microtubules of 
the manchet te (arrows). Electron micrographs 
from (D) from stallion spermatid in acrosome 
phase and ( E) sonica ted ram sperma-
tid in maturation phase. ac acrosome, en 
nuclear envelope, m manchet te, N nucleus, 
and PN nuclear pocket. Figs D and E from 
Court ens and Loir ( 198 lc). Reproduced with per-
mission from the publishers. 
et al. 1973 in the human, Ploen 1973 in, 
the rabbit). In such cells the nucleoprotein 
replacement is abnormal or does not occur at 
all during spermiogenesis (Baccetti et al. 1977). 
In summary, the process of spermiogenesis 
leads to the formation of a highly specialized 
cell a 'unicellular organism' the function 
of which is to transfer the male genome to the 
ovum. To achieve this, specific organelles, 
such as the manchette, the chromatoid body, 
the acrosome and the tail develop during spermio-
genesis. Moreover, the nucleus undergoes changes 
that probably makes it more resistant during 
the transport to the ovum, where its genes must 
be readily available for duplication. 
Although the basic pattern of spermiogenesis 
is similar in all eutherian mammals, there are 
L. Ploen and J.-L. Courtens 
certain pronounced differences, especially be-
tween different orders of mammals. Within the 
orders the differences are generally smaller, 
but dissimilarities occur. 
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B: Late cap phase. The acrosome granule has 
lost its stainability whereas the rest of the 
acrosome is stained. 
C: Acrosome phase. The forming equatorial segment 
of the acrosome (arrow) is larger than the rest 
of the acrosome. 
D: Maturation phase. The acrosome granule is 
unstained. In the rest of the acrosome the stai-
ning is restricted to the peripheral part. The 
equatorial segment is slightly positive. 
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Discussion with Reviewers 
B.A. Afzelius: The hook-shaped spermatozoa of 
the Muridae family of rodents seem to pose a 
problem to sperrnatologists. Both rats and mice 
(belonging to the Murinae subfamily) and the 
voles (belonging to the Microtinae subfamily) 
have fairly similar hook-shaped spermatozoa. 
The most primitive representatives from both 
subf arnilies on the other hand have sperrna tozoa 
of a more common mammalian type thus with a 
flattened oval sperm head. This would indicate 
that the hook-shaped spermatozoa have evolved 
twice within the rnurids according to the study 
by Friend (Quart J Microsc Sci 2.§_, 419-443, 
1936). Do you have any comments? 
Authors: It is possible that the 
hook-shaped acrosornes is one way 
substances within the acrosorne. In 
evolution of 
to segregate 
the rat there 
are in fact two acrosornes in each spermatozoon, 
one very small is separated from the major part 
during sperrniogenesis (Lalli and Clermont 1981). 
Whether the shape has evolved twice within the 
rnurids is more difficult to decide. Our results 
neither support nor contradict such an interpre-
tation. 
652 
P.R. Flood: Does the sperm head shape of diffe-
rent species reflect any difference in swimming 
pattern or swimming course? 
Authors: Yes, most certainly. This has been 
shown by many investigators. Swimming direction 
and rotation are influenced by the shape of 
the head, the location of the tail implantation 
and of the angle between the symmetry plane 
of the nucleus and the orientation (and hence 
beat direction) of the axonerne. 
G.M. Roornans: In comparison to many other cell 
types, the structure of spermatozoa varies consi-
derably from one species to another. Is there 
any functional reason for this unusual diversity? 
A. Lima de Faria: The difference that exists 
in sperm morphology may not have to do with 
reproductive selection but with the chromosome 
constitution of the sperm. The chromosomes and 
genes are different in different species and 
they should l>e considered as the pr irnary source 
of the differences in sperm shape found in animal 
species. Any comments? 
Authors: It probably indeed reflects differences 
in the chromosomes, but whether there are any 
functional adaptations to the site of semen 
deposition or to differences in the female geni-
tal tract and/ or the oocyte and its investments, 
is at present not known. 
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